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SLIDE 1
We are going to describe (1) the background of predicﬁing
premature e¢nlisted attrition in the military service, (2) four
competing approaches to predicting this attrition, (3) a test
of these approaches, and (4) the implications of the results for

recruiting policy.

BACKGFOUND

The history of predicting premature attrition, that is,
losses before the completion of tﬁe first-term of military
service, dates back at least to the early 1960s. At that time,
researchers in the Navy, Army, and Air Force found that the best
pre-service predictors of premature attrition were, in order,
level of education, mental ability, and age (references 1, 2,
and 3). The multiple correlation of Fhese three predictors with
various measures of attrition was aboﬁt .35 for all three services.

In-service measures of performanée and ratings of behavior
increased the predictability of attrit?on, but they could not be

used for screening out potential recruits who were high loss

risks. Personality tests have ~lso been related to premature .— --

DISTRIBUTION STATEMENT A

Approved for public release;
Distribution Unlimited

e 3 "




AD0IT04d SNILI(NMOIY dH04d SNOILVODITAWI

SHdHOVOYddV¥Y dHI ONILSJdL

SEHOVONddV JATILYNIELIV

NOILIYLLIY ONILOIQddd 40 ANNO¥IADOVH

SAHOVOUddY JAILVYNYILIV :NOILIYLLY ONILOIAZdd




j

|

attrition with varying degrees of success, but they must be
specially administered to applicants if they are to be used for
screening purposes. ,

Criticisms have heen made of these past studies and current
ones that employ personal characteristics and entry test scores to
predict premature attrition (reference 4). The low value of the
correlation of the predictors with the stay/att;ite criterion
has been cited, e.g., the R of .35 mentioned earlier. However
this magnitude of correlation compares favorably with the validity
coefficients of measures used to predict occupational performance
in the civilian and military worlds (reference 5). It has been
said that the low level of predictability is due to a decreasing
diversity of the AVF manpower pool which limits the degree of cor-
relation that can be achieved, But if this were true, the éor—
relation could be corrected for such restriction without too much
effort. The use of "static" personal characteristics and entry
test scores has also been criticized because important "dynamic”
situational or organizational variables are ignored. The desir-

ability of investigating such measures for in-service classification

and assignment purposes is evident (we ourselves are currently

doing this for the Navy), but their reliability and validity for
predicting attrition in conjunction with the "static" measures still
must be demonstrated. Finally, it has also been said that the use of
personal characteristics and entry test scores results in self-ful-

filling prophecies of attrition - if men are thought to be dumb

i d




and uneducated, they will be expected to fail and, therefore, will
fail. There are compelling reasons for not labeling men with educa-
tional levels and mental groups, but at the same time our society
places different values on these characteristics, and it is gra-
tituitous to expect the services to do otharwise. |

In any event, attrition, like death and taxes, is always with
us, and today it is with us more than '+ was during the draft era.
The three to four years premature loss rates in the 1960s ran from
about 25 to 30 percent. Today, the comparable rates are 30 to 40

percent (references 1, 2, 3, and 6).

SLIDE 2

Costs of premature attrition are up, not only absolutely but
relativély with the higher pay for today's volunteers and increased
recruiting and training costs. The Navy estimates that it costs
$1,500 just to "access and dress" a non—prior-sé;vice recruit;
another $1,500 to get him (or her) through 8 weeks of recruit
training; another $400 for two weeks of apprentice training for those
wo do mot go to Class A (technical t
$1,800 for technical training that averages 6 weeks (references 7
and 8). ' |

These stages occur before a man is assigned to the fieet and
becomes a productive member of the Navy. And as men are lost any-
where along the line, the toll mounts up., The costs of administra-

tive and disciplinary discharges, unauthorized absences, desertion,
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disciplinary measures. medical procedures, and the burden of dealing
with u productive losses-to-be alsc must be added to the bill.
In sum, then, premature losses, even of the voluntary type
now undergoing experimental review in the Navy, are significant
and expensive. Since personal characteristics and test scores
are useful for screening out loss=-prone applicanﬁs, the question

is, what is the best approach for doing so?

ALTERNATIVE APPROACHES

When we talk about the “best" approach for screening out loss-
prone applicants, we mean the most valid and least expensive, sub-
ject to the available supply of manvower. If the pool or potential
recruits is so small that virtually all applicants have to be taken
to meet manpower requirements, then screening is useful only for
putting a "watch out" tag on a man whose chances of completing an
initial tour are dim. If there is flexibility in whom we can
take, screening becomes more useful in denying entry to the poorer
riske.

There are two bases for screening. The first one is actuarial.
With a sufficiently large recruit cohort, actual‘ldss rates codla

be calculated for men with different patterns of characteristics.

The trouble here, even when data is available on hundreds of thousands

of men, is that we cannot be sure which are the most important

characteristics, and combinations thereof, that relate to losses.




Statistical appcoaches to predicting attrition overcome the
drawbacks of the actuarial approach. They let us know what the
significant combinations of characteristics are that relate to

losses and smooth out the projecied rates.
SLIDE 3

There are two main but different statistical approaches that
can be taken, with two variants of each. The main approaches zre
linear and non-lirear in formn, with the variants being the use of
either individual or grouped observations.

The linear approach with individual observations is the most
common. It was used in the early work of Flag, Caylor, and Flyer
for the Navy, Army, and Air Force, respectively. Recently, it has
been applied by the Navy Personnel R&D Center. The grouped
linear and non-linear approaches are ones that I used recently for
the‘Navy. The individual non-linear approach has been proposed by
Dempsey and Fast to the Air Force.

Let us briefly look at the main features of these approaches
and compare their pros and cons.

The linear approach with individual observations is the most
familiar one. Numerous computer programs for regression analysis

using this approach are available. These programs can easily handle

1See the appendix for a technical discussion of these approaches.
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very large samples of men and many predictor'variables in a one-
stage analysis. The major disadvantage of the individual linear

approach is that it may not be efficient, especially when the rela-

tionship of the predictors to the chances of attriting is not linear.

Whereas the individual linear approach uses a birary dependent
variable, stay-attrite, the grouped approaches ﬁse loss rates
(linear) or the iog of the odds of loss rates (non-linear) for
groups of men defined by all poésible combinations of the pre-

- dictors. An example of a group is recruits with 12 years of educa-
tion, MG II, age 17, Cauéasian, and no dependents. The groups are
weighted to take account of their varying size in a regression
analysis that is similar to the one performed with the individual
linear approach.

Both grouped aéproaches require redefinition or pooling of
groups and an additional regression when a predictor variable is
found not be to significantly related to the dependent variable.
Both also require very large samples with even small numbers of
predictors. Because of the large number of possible combinations
of the predictors, enough men must be found in the groups to pro-
duce reliable loss rates.

The grouped linear approach has the same major disadvantage
as its individual counterpart when the relationships of predictors

and loss rates is not linear. The grouped non-linear avoids this

problem.

1In our case, we have 3 levels of education, 5 of mental group,
3 of age, and 2 each of race and dependents. The product of these

is 180, the number of possible groups.

-9-

A1 R ARt S Lt e s amaee i st

B VP N PP




All of the approachtes so far rely on ordinary least squares
regressions to solve thelr attrition equations, even the grouped
non-linear approach. The non~linear individual approach is

estimated by a different method, maximum likelihood. It can handle

equations where the dependent variable is not a simple linear com- .

binatipn of the predictors (as can the grouped ron-linear). How-
ever, in some cases, it may be the most time-consuming approach
computationally. This is especially true when large numbers of
variables and large samples are used, because of the iterative
searching for the best fit to the data.

In this age of computers and ability to process massive
amounts of data, the major question about the four approaches just

described is, dces it make any difference which one is used with

the same data base?

i

We sought to answer this question by using the same set of
predictdrs for 67,000 non-priorfservice males who joined the
regular Navy in calendar 1973, ‘The object was to predict the
attrition experience for these recruits after each one had had the

opportunity to be in the Navy for one year.

SLIDE 4
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LT12ED
*12ED
GT12ED
MGI
MGII
*MGIIIU
MGIIIL
MGIV
AGEl7
*AGE18-19
AGE20+
*CAUC
NON~-CAUC
PDEPS

*NDEPS

PREDICTORS

less than high school graduaticn

high school graduation

. more than high school graduat..m

mental group AFQT percen:iles 93 and abcve
mental group AFQT percentiles 65 to 92

mental group AFQT percentiles 49 to 64

'mental group AFQT percentiles 31 to 48

mental group AFQT percentiles 30 and below
17 years old |
ages 18 and 19

age 20 or older

Caucasians

Non-Caucasians

primary dependents (wife, children)

no primary dependents

-11-

—

PRSP

g b ot e e e L .

T N O Y

W s+ s e AN okt G




The predictors were all dichotomous or binary variables used
to maintain consistency with current Navy selection procedures.

They are shown on the slide.

RESULTS
We separated the cY 1973 Navy enlisted cohort into two samples

by alternately assigning the individuals in the data file to
validation and cross-validation samples, respectively. The 2
samples were virtually identical in terms of their character-
istics and average first-year attrition rate, which was about 17.5
percent. Then, each of the four approaches or models was estimated
with the validation sample, pfoducing four fitted equations.1
Each of these equations cdntained the same independent variables
or predictors previously mentioned.

We then determined how well each equation predicted the attri-
tion in the cross-validation sample. Our proéedure for judging
the "goodness of fit" was as foliows. First, we used each fitted
equation to predict the probability that each individual in the
cross-validation sample would be a "stayer” rather than an "attriter”
(which is one minus the individual's predicted attrition prob-
ability.) The Navy cails the probability of staying the in-

dividual's SCREEN score. SCREEN stands for Success Chances

lThe parameter estiniates for the different models are shown in
appendix B.
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for REcruits Entering the Navy. Then we picked a critical SCREEN
cut score, the score that separates people who will be accepted
from those who will be rejected, and looked at the pattern of

results.
SLIDE 5

We looked at:

(1) How many of thepredicted stayers actually stayed,

(2) How many of the predicted attriters actually attrited,

(3) How many of the predicted stayers actually attrited,

and, finally,

{4) How many of the predicted attriters actually stayed.

The sum of (1) and (2) is the number of correct predictions, or
"hits." Those who were predicted to stay but who attrite are

called "false positives," and those who were predicted to attrite
but actually stay are called "false negatives." Note that the per-.
ceit tage of false positives is the attrition rate the services would
experience if they only took applicants with a SCREEN score above
the cut score.

The success of each approach is judged by the percentaqges of
hits, false positive and false negative predictions. As we will
see, there is a tradeoff in identifying false positives and false
negatives; you can reduce the percentage of false negative pre-
dictions only by increasing the percentage of false positive pre-
dictions. The.“goodness" of a particualr approach should be judged
according to which percentage you are attempting to minimize, as

well as by the percentage of hits.

-13-
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We looked at three different cut scores in comparing the
alternative approaches. We will also see that the performance of
the different approaches is crucially dependent upon the cut
score chosen. The first cut score is 80, which was the mid-point
between the average screen score of the actual stayers and the
average score of the‘actual attriters, This score was chosen
becauée this mid-point is conventionaily used for classification
purposes. The second cut score is 71, which was chosen because
it is the Navy's current cut score. The third cut score is 76,
which was selected because the Navy is considering raising the
score to 76. In our comparisons, individuals with cut scores of
80 and below, 76 and below, or 71 and below, respectively, will
be labeled attriters, and those with higher scores will be labelad

stayers.

SLIDE 6

Now let us look at specific results. Here are the percen-
tages of the sample that would be labeled attriters and therefore
rejected under the alternative approaches and cut scores. As-
you can see, if the cut score is 71, about the same percentage of
thie cohort wouid be labeled attriters and therefore rejected under
allmfour aﬁproaches. However, when the cut score is raised to
76 or 80, some differences between approcaches emerge. If cut
scores are based on either of the two linear models, a higher
percentage of individuals would be rejected than when they are

based on either of the two non-linear nodels.l

lsee figure B-l in appendix B.

-15~
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SLIDE 7

Let us now examine the percentage of hits, false positives,
and false negatives obtained with each approach. Look first at
the results for a cut score of 71. For this cut score, the per-
centage of hits, falée positives, and false negatives are about
the same for all four approaches. For the higher cut scores, how-
ever, the non-linear models outperform the linear ones in terms
of hits and false negatives. The percentage of hits is higher for
the non-linear approaches. The difference in hits between the
linear and non-linear approéch is most pronounced when the cut
score is 80. The percentage of false negatives is slightly lower
at a cut score of 76, but considerably at a score of 80. Remember
that false negatives are those individuals predicted to attrite
who actually stay.

Let's now look at the false positives. The percentage of
false positives is the attrition rate that would actually be
experienced. It is clear that higher cut scores lead to lower
attrition rates. Now, it does appear thau, at given cut scores,
there would be more attrition when a screen table based on the
non-linear approaches is used. There is a reason for the higher
attrition under the non-linear approaches: they admit more people
than the linear approaches, as we saw a few moments ago. The
additional recruits admitted have somewhat higher attrition chances
than the group already taken, and this raises the attrition rate
of the selected cohort. However, this increase in attrition rates

is small relative to the increased percentage of applicants

-17-
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accepted and the decreased percentage of false negative pre-

dictions using the non-linear approaches
SLIDE 8

Our conclusions are shown on the next slide. If the cut
score is 71, the score currently used by the Navy for general
recruiting purposes, all four approaches will admit about the
same number of recruits from any given cohort. Further, all four
approaches produce about the same percentages of correct pre-
dictions ("hits"), false positives (predicted stays who attrite),
and false negatives (predicted attrites who stay). At higher cut
scores, the non-linear approaches are slightly better than the
linear ones in that they admit more people from any given cohort,
while yielding at least as high a percentage of correct predictions
("hits") and a lower percentage of false negatives (predicted
attrites who stay). The non-linear approaches do, however, imply
slighly higher actual attrition, since more people would be taken
in using SCREEN tables based on these approaches.

The services are now under pressure from OSD and Congress to
reduce first-term attrition, and one way to do this is to raise
the cut score. As I mentioned earlier, the Navy is considering
raising its cut score from 71 to 76. While the results with the
alternrative approaches at a cut score of 71 were nét very dif-
ferent, they are at a cut score of 76. Of a cohort of 100,000
applicants, about 2,000 more would be screened out using one

of the linear approaches rather than one of the non-linear

-19-
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approaches. Since the supply of mahpowef is limited and growing
more so all the time, the services do not want to reject more
applicants than is absolutely necessary to achieve some desired
attrition rate. The more stringent the cut score, the better the
non-linear approaches, since they do not ﬁnnecessarily screen out
applicants and since they produce more hits, and fewer false nega-
tives. |

Let me close by noting one thing that remains to be done.
This is to identify the optimal cut score. Raising the cut score
is a way of reduciny first-term attrition, but such a policy en-~
tails the cost of a reduced supply of acceptable manpower. This
way of reducing attrition should be pursued only if the marginal
costs of attrition exceed the costs imposeu because end-strength

goals are not met. Our future work will try to get at these costs

and determine the optimal cut scrre.
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APPENDIX A

ALTERNATIVE MODELS FOR ESTIMATING
ATTRITION PROBABILITIES

Given the wvariables thought to influence attri‘ion, the goal
is to estimate the probability that an individual will attrite.

Let X = (X XK) be the vectur of variables (the characteristics

170"
of the individual, such as mental ability and educational level)
thought to affect attrition. Tiaen, with n observations on in-
dividuals who have been in military service, of whicﬁ n, individuals
were attriters and n, = n-n individuals were non-attriters, we

1
want to estimate an equation for the probability that an individual

e

with a given set of characteristics (X vector) will attrite. The
estimated equation may then be used for prediction purpc.e¢s. In
this case, the dependent variable is binary énd assumes a value of
1 if thé individual attrites and 0 if he does not. Models that

incorporate such dependent variables are called limited dependent

variablé models.

There are two classes of limited dependent variable models.
On. posits a linear cumulative distribution function; the
other posits an S-shaped or sigmoid cumulative distribution. For
the sake of exposition, webwill refer to them as linear and non-
linear models, respecﬁively.

LINEAR MODELS

Linear models are estimated by ordinary least squares (OLS).

The method is simply to estimate the following regression equation:




(1) Y= Byt ByXy g ot oeee oBMg ot o€y

The dependent variable in this regression, Y, depends upon whether

the data is grouped or ungrouped.

Individual Linear Probability Model

If the linear model is based on the individual observations,

the dependent variable is assigned the value 1 if the individual
attrites and *the value 0 if he does not. We call this the individual

linear model. This model was used by Plag to estimate attrition

probabilities from the Navy (reference 1).
The individual inear model is closely related to the linear
discriminant fanction (LDF), first proposed by Fisher (reference 4)

in 1936 as a means for identifying binary group membership on the

basis of a linear combination (A,X; + XZXZ oo ApXy) 9f known
characteristics. It can be shown that the LDF "best" weights to

place on the characteristice (the A's) are directly proportional
to individual linear regression coefficients.l In our case, there-
fore, the discriminant function solution to separating applicants
who belong to the population called ‘attriters from the applicants

who belong to the population called non-attriters would be based

on a linear regression on a binary dependent variable.

1See Maddala (reference 11). The factor of proportionality between

discriminant function weights and OLS regression coefficients is
the residual sum of squares from the OLS regression divided by

n-2.
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The individual linear model is appealing because of the compu-
tational ease of OLS and kecause OLS is capable of handling very
large sample sizes. On the other hand, it has some shortcomings.
The most frequently cited difficulties are that (1) the error term
(ei in (1) above) is .ot normally distributed, (2) the error term
does not have a constant variance, and (3) there is no restriction
to predicting a probability between Q0 and 1, although a prediction
outside of this range is inadmissible. The firs’. and third criticisms
are not so serlous,1 but the second criticism implies that even

within the class of linear models, the individual linear approach

is not a fully efficient estimation procedure.2

1'I‘he first difficulty implies that t tests f~r significance of
regression coefficients are not exact tests., Maddala (reference 11)
shows that, despite the binary form of the dependent variable in
the linear probability model, the t tests for the regression co-
efficients are exact tests. The third cited difficulty is not
really a problem either. The services would always take individuals
with predicted attrition probabilities less than zero and screen

out individuals with predicted probabilities exceeding unity.

With large samples, predictions outside the limits of 0 and 1

will occur infrequently anyway.

2The error variance may be shown to be
LBy (=F B;Xy)

and is a function of the values of X. Since the error tern is not
constant, the OLS estimates of the B's are not the most cfficient,
i.e., minimum variance, linear estimates.
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Grouped Linear Probability Model

An alternative to the linear probability model based on the
individual observations is the grouped linear probability model,
In this model, the individual observations are grouped into
cells on the basis of combinations of the X's, and the dependent

a:
A

variable is the proportion P; = — of the n, individuals in the ith
n; .
i

cell who were attriters. Pi is an estimate of the true probability
P that individuals with a given set of characteristics will
attrite. The total number of cells is the product, over the number
of variables, of the number of intervals for each variable. Thus,
if there are 3 education categories (e.g., <12 years, 12 years,

>12 years), 5 méntal categories (I, 11, IIIU, IITL, IV and V), 3
age categories (<18, 18-19, >19), and 2 race groups (Caucasians and
non-Caucasians), there would be 90 cells. To estimate the B's, ﬁi
is regressed on categorical, or binary,variables representing the
different levels of each independént variable.

In cells which contain small numbers of observations, ﬁi may
not bé a good estimator of the true probability ;i' The variance
of ﬁi is Pi(l-Pi)/ni and is inversely related to n;., the number of
observations in the cell. Since ﬁi does not have constant variance,

neither does the error term in the regression, and the regression

estimates of the B's are not minimum variance estimates. This

A 1 A S
problem is handled by multiplying each Pi by,7$;7ff§?T = ﬁi(l‘ﬁi) .
nj




In cells thch contain more observations,.ﬁ is a lower variance
estimate of the true attrition probability; hence, in the regres-
sion more weight is given to those cells which contain the largest
numbers of observations.

Even if individual linear and grouped linear approaches were
fully efiicient linear estimation procedureﬁ, they have a potential

k . -
shortcoming. A plot of Pi = L B.X,., where the Bj's are the

- J 13
estimated coefficients, yieldg_; straight line, because the linear
probability models have linear cumulative distribution functions.
However, studies have found that the plot of the actual P's (the
cell proportions in the grduped linear model) against g éjx.

. ij
frequently takes the form of an S-shaped curve, or sig%;id (reference
12). If the cumulative distribution is S~shaped rather than linear,
the linear probability models amy provide poor fits to the data.
Models which imply S-shaped cumulative distributions, in which the

probability of attriting is not a simple linear function of its

predictors, may provide more accurate fits to the data.

NON-LINEAR MODELS

Probability distributiops which have S-shaped cumulative
distributions can be employed to estimaté the B's. The two most
i
common ones are the logistic and normal distributions. 1In each

of these distributions, the rahdom variable Z is assumed to be a
}

~

linear function of xl e Xk, {hat is, z = L

Bjxj (where Xg = 1).

3=0




[ndividual Logistic Distribution z
Since the logistic distribution has the form P = 7
1+e™4
the function to be estimated is given in (2).
-(BptBXy + ... +
2) P = exp{-(By+B1X; BKXK)} ) 1
- I#exp{-(By+B X *. . . FBiX ] 1+exp(eo+slx1+...+3KxK}

Equation (2) is a non-linear equation which may be estimated
by the method of maximum likelihood (ML). To estimate (2), the
likelihood function L is formed, and that set of B8's which maximizes

the value of L is found. Since individual observations are used,

this model is called the individual logistic model- The likeli-

hood function is:

1 exp{IB;iX;}

(3) L= 1+6XP{EBiXi} Yilo 1+exp{ZBiXi}

Yi=1

Since (3) is not a simple linear expression, the R's have to be

estimated using non-linear technigues.
The other most frequently assumed probability distribution in

maximum likelihood is a normal distribution with unit wvariance.

In this case, the attrition probability is given in (4):

-IB.X

i%i 2
(4) p =j' 5 expg%;ﬁ lat

The likelihood function for the normal distribution is the following:

)}

(5) L= 7 {p(-zaixi)} r {1-F(-
Y, =1 Y, =0




Again, we find the B's that maximize L, and this has to be done
using iterative methods. This model is called the probit model.

Since the probit model is based on a normal distribution witlh
unit variance, the parameters Bl...BK are all scaled by a factor
1/0, where o is the unkncwn standard deviation. o is not'separately
estimable, and it is arbitrarily assumed to be unity. The probit
model was used by Dempsey and Fast (reference 3) to estimate attri-~
tion probabilities from the Air Force Academy.

While the logit and probit models look different, their cumula-
tive distributions are very similar. Suppose that Z1 is a raadom
variable distributed normally with unit variance and z, is a random

variable distributed logistically. It may be shown that Z, has

variance Ei . Further, it may be shown that Z, divided by its
standard 3eviation, %?., is distributed approximately normally with
unit variance. Therefore, Z, = gejxj need only be multiplied by
/377 to be comparable to Z; = EEE X; obtained from the probit
model. The estimates differ ongy by the scale factor Z%-- There-

fore, ML logit is virtually identical to ML probit (and vice

versa).

Grouped Logistic Model

With large amounts of data, the B's in (2) can be estimated
using linear regression. The probability function in (2) can be
transformed into the following log-linear equation, which may be

estimated with OLS:

e L T T T




P _ ,
(6) ln(T—_ﬁ ) = Bo + lel + iszx2 ce. * Bxxx

The dependent variable here is the logarithm of the odds of being
an attriter, estimated by grouping the data into cells, just as.
in the grouped linear, and then using 1n(§i/l—§i) rather than

Ei as the dependent variable in the regression. The grouped
linear regression procedure was utilized by Lockman (reference 2)
to estimate attrition probabilities fror the Navy.

The error term in the grouped logit regression is non--constant
and has the variance H;?I%TrﬁzT . Therefore, weighting by the
inverse of its estimated standard deviation, /niﬁi(l—ﬁi , Yields
a model with a constant variance error term. Again, this procedure

places the largest weights on those cells containing the largest

number of observations.
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APPENDIX B
THE EMPIRICAL EQUATIUNS OLTAINED WITH ALTERNATIVE APPROACHES

Table B-1 contains the parameter estimates obtained by

a2

applying the alternative statistical procedures to the data. The
parameter estimates in the first column labeled individual ldgit
were obtained by the method of maximum likelihood. The parameter
estimates in the other three columns were obtained by the method of
ordinary least squares. The numbers in the first two columns are

estimates of the B's in the logit probability function P = — 18- 3
l+e J

The numbers in the last two columns may be interpreted as

estimates of the B's in the linear probability function P = Zstj.
The "t'" values for the different v.riables are in parentheses.
(The "t" values for the individual logit parameter estimates are
asymtotic "t" values - see Zedlewski (reference 12)). A '"t" value

of 1.96 or greater indicates that the coefficient is significantly

different from zero at the .05 level; a "t" value of 2.58 or greater

indicates significance at the .01 level.
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CNA Professional Papers — 1973 to Presant®

PP 103
Friedhein  Robert L., “Political Aspects of Ocean
Ecology” 48 pp., Feb 1973, published in Who
Protecis the Oceans, John Lawrence Hargrove (ed.)
(St. Paul: West Publ'g. Co., 1974), publisi -1 by the
American Society of International Law) AD 57 936

PP 104
Schick, Jack M., A Review of James Cable, Gunboat

Diplomacy Political Applications of Limited Naval
Forces,” § pp.. Feb 1973, (Reviewed in the American
Political Science Review, Vol. LXV1, Dec 1972)

PP 10S
Com, Robert 1. and Phillips, Gary R., “On Optimal
Correction of Gunfire Errors,” 22 pp., Mar 1973,

AD 761 674

PP 106
Stoloff, Peter H., “User's Guide for Genesalized

Factor Analysis Program (FACTAN),” 35 pp., Feb
ddend lithed Auy 1974)

1973, (Includes an p
AD 758 824

PP 107
Stoloff, Peter H., “Relating Factor Analytically De-

tived Measures to Exogenous Variables,” {7 pp., Mar
1973, AD 758 820

PP 108
McConnell, James M. and Kelly, Anne M., “Supet-
power Naval Diplomacy in the Indo-Pakistani Crisis,”
14 pp., S Feb 1973, (Publithed, with revisions, in
Survival, Nov/Dec 1973) AD 761 675

PP10S

Berghoefer, Fred G., “Salaries— A Framework for the
Study of Trend,” 8 pp., Dec 1973, (Publithed in
Review of Income and Wealth, Series 18, No. 4, Dec

1972)

PP 110
Augusta, Joseph, "A Critique of Cost Analysis,” 9

pp., Jul 1973, AD 766 376

PPl
Herrick, Robert W., “The USSR's 'Blue Belt of

Defense’ Concept: A Unified Military Plan for De-
fense Against Sesbome Nuclear Attack by Strike
Camers and Polaris/Poseidon SSBNs,” 18 pp., May
1973, AD 766 375

PPI12
Ginsberg, Lawrence H., “ELF Atmosphere Noise

Levei Statistics for Project SANGUINE,” 29 pp., Apr
1974, AD 786 969

PP113
Ginsberg, Lawrence H., “Propagation Anomalies
During Project SANGUINE Expenmerts,” 5 pp., Aps

1974, AD 786 968

PP114
Maloney, Arthur P., “Job Satisfaction and Job

Tumover,” 41 pp., Jul 1973, AD 763 410

PPI1S
Silverman, Lester P., “The Determinants of Emer-

gency and Elective Admissions to Hospitals,” 145
pp., 18 Jul 1973, AD 766 377

*CNA Professional Papers with an AD number may be obtained from the National Technical Information Service, U.S. Department
of Commerce, Springfield, Virginia 22151. Other papers are available from the author at the Center for Naval Analyses, 1401

PP 116
Rehm, Allan S, “An ‘ssessment of Military Opera-

tions Research in the USSR 19 pp. Sep 1973,
(Reprinted fror.. Proceedings. 30th Muitary Opera-
tios Research Symposium (U). Secret Dec 1472)
AD770 116

PP117
McWhite, Peter B. and Rathff H. Donald,* “De.
fending a Logistics System Under Mining Attack,"**
24 pp., Aug 1976 (to be submitted for publication in
Naval Research Logistics Quarterly). presented at
44th National Meeting, Operations Research Society
of America, November 1973, AD AQ30 454
*University of Florida.
®*Research supported in part under Office of Naval
Research Contract N00014-68-0273-0017

PP1IB
Barfoot, C. Bernard, “Markov Duels.” 18 pp., Apr

1973, (Reprinted from Operations Research, Vol. 22,
No. 2, Mar-Apr 1974) :

PP 119
Stoloff, Peter and Lockman, Robert F., “Develop-
ment of Navy Humar Relations Questionnaire,” 2
pp.. May 1974, (Published in American Psychotogical
Association Proceedings, 81st Annual Convenuon,

1973) AD 779 240

PP 120
Smit,, Michael W. and Schnmper, Ronald A.*
“Economic Analysis of the Intracity Dispersion of
Criminal Activity,” 30 pp., Jun 1974, (Presented at
the E Society Meetings, 30 Dec 1973)
AD 780538
*Economics, North Carolina State Untversity.

PPI21
Devine, Eugene J., “F.ocurement and Retention of
Navy Physiciant,” 21 pp., Jun 1974, (Presented at the
4%h Annual Conference, Western Economic Associa-
tion, Las Vegas, Nev., 10 Jun 1974) AD 780539

PP 122
Kelly, Anne M., “The Soviet Naval Presence During

the lraq-Kuwaiti Border Dispute’ March-April 1973,
34 pp., Jun 1974, (Publithed in Soviet Naval Policy,
ed. Michael MccGware; New  York: Praeger)
AD 780 592

PP123
Petersen, Charles C., “The Soviet Port-Clearing Opera-
tion in Bangiadash, March (972.Decrmber 1973, 35
pp.. Jun 1974, (Published in Michael MccGwire, et al.
{eds) Soviet Naval Policy' Objectives and Constra‘nts,
(New York: Praeger Publishers, 1974) AD 780 540

PP 124
Friedheim, Robent L. and Jehn, Mary E., “Antici-
pating Soviet Behavior at the Third U Law of the
Sea Conference: USSR Potitions and Dilemmas,” 37

PP., 10 Apr 1974, (Publithed in Soviet Naval Pohcy, -

ed. Michsel MccGwire; New York: Praeger)
AD 783 701

124 PH
Weinland, Robert G., “Soviet Naval Operstions~Ten
Years of Change,” 17 pp., Aug 1974, (Published in
Soviet Naval Policy, ed. Michael MccGwire; New
York: Praeger) AD 783 962

Wilson Boulevard, Arlington, Virginia 22209.

PP 126 ~ Classified.

PPI127

" Dragnich, George S., “The Saviet Union's Quest for
Access to Naval Facilites in Egypt Priot 1o the June
War of 1967, 64 pp., Jul 1974, AD 786 318

PP128
Stoloff, Peter and Lockman, Robert F., “Evaluation
of Naval Officer Performance,” 11 pp., (Presented at
the 82nd Annual Convention of the Amencan
Psychological Association, 1974) Aug 1974,
AD 784 012

P9
Holken, Arlene and Horowitz, Stanley, “Partial Un-
employment Insuiance Benefits and the Extent of
Partial Unemployment,” 4 pp., Aug 1974, (Published
in the Jouma of Human Resources, Vol. IX, No. 3,
Summer 1974) AD 784 010

PP 130
Disiaukes, Bradford, “Roles and Missiors of Saviet
Naval General Purpose Forces in Wartime: Pro-SSBN
Operation,” 20 pp., Aug 1974, AD 786 320

PP i3t .
Weinland, Robert G.. “Analysis of Gorshkov’s Navzer
in War and Peace,” 45 pp., Aug 1974, (Published n
Soviet Naval Policy, ed. Michael MccGwire. New

York: Pracger) AD 786 319

PP 132
Kleinman, Samuel D., “Racial Dnfferences tn Hours

Worked in the Market: A Preliminary Report,” 77

pp-, Feb 1975, (Paper read on 26 Oct 1974 at Eastern

Economic Association Convention in Alhany, N.Y )
+ AD A 005 517

PP 133
Squires, Michael L., “A Stachastic Model of Regme

Change in latin Amenca,” 41 pp.. Feb 1975,
AD A 007 912

PP 134
: Root, R. M. and Cunniff, P. F.* “A Study of the
Shack Spectrum of a Two-Degree-of-Freedom Non-
linesr Vibcatory System” 39 pp., Dec 1975, (Pub
lished 1n the condensed version of The Juurnal of the
Acoustic Society, Vol 60, No. 6, Dec 1976, pp. 1314
*Deparment of Mechanical Engineening, Unniersity

of Marviand.

PP 135
Goudreau, Kenneth A Kuzmack, Richard A,
Wiedemann, Karen, "Analyus of (losure Alternatives
for Naval Stations and Naval Air Stations,” 47 pp., 3
Jun 1975 {(Reprinted from “Heanng betore the
Subcomnuttee on Military Construction of the Com
mittee on Armed Servize,” US Senate, 93rd Con.
ges, 15t Sesion, Part 2,22 Jun 1973)

P36
Stating, William, “Cybemetics and  Behavior

Therapy,” 13 pp., Jun 1975

PP 137
Petersen, Charles C., “The Soviet Union and the
Reopening of the Susz Canal. Minecleanng Opera.

tions in the Gulf of Suez,” 30 pp. Aug 1975,
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PP 138
Stllings, William, “BRIDGE: An Inte active Dis
logue-Generation Facility.” 5 pp.. Aus, 1975 (Re-
pnnted from {EEE Transactions on Systems, Man,
and Cybemetics, Vol. 5, No. 3, May i975)

PP 139
Morgan, Wiliam F., Jr., “Beyond Foklore and Fables
in Forestry to Positive Economics,” 14 pp., (Pre
sented at Southern Economic Association Meetings
November. 1974) Aug 1975, AD A 015 293

PP 140
Mahoney, Robert and Druckman, Daniel®, “Simuls-
ton, Experimentation, and Context.” 36 pp.. } Sep
1975, (Published in Simulation & Games, Vol. 6, No.
3, Sep 1975)
*Mathematica, Inc.

PP 141
Mizichi, Maurice M., "G ~enlized Hermite Poly-
nomials,”* 5 pp.. Feb 1976 (Reprinted from the

PP 149
Squires, Michae! L., “Counterforce Effectiveness: A
Comparison of the Tsipis “K" Measure and a Com-
puter Simulation,” 24 pp, Mar 1976 {Presented at
the International Study Association Meetings, 27 Feb
1976) AD A022 591

PP 150
Kelly, Anne M. and Petersen, Charles, “Recent
Changes in Soviet Naval Policy: Prospects for Arms
Limitations in the Mediterranean and [ndian Ocean,”
28 pp., Apr 1976, AD A 023 723

PP 1S
Horowitz. Stanley A.. “The Economic Consequences
of Political Philosophy,”™ 8 pp.. Apr 1976 {Reprinted
from Economic Inquiry, Vol. X1V, No. 1, Mar 1976)

PP 152
Mizrahi, Maurice M., “On Path Integral Sclutions of
the Schrodinger Equation, Without Limting Pro-
cedure.”® 10 pp., Apr 1976 (Reprinted from Journal
of Mathematical Physics, Vol. 17, No. 4 (Apr 1976).

Joumal of Computational and Applied Math ics,
Vol. 1, No. 4(i975), 273-277).

oResearch supported by the National Science
Foundation

PP 142
Lockman, Robert F., Jehn, Chyistopher, and
Shughart, Wiliiam F 1§, “Models for Estimating Pre-
mature Losses and Recruiting District Performance.”
36 pp.. Dec 1975 (Presented at the RAND Con-
ference on Defense Manpower, Feb 1976: to be
di )

566-575).
*Research mpporltd‘ by the National Science

Foundation

PP 1S3
Mizrahi, Maurice M., “WKB Expansions by Path
Integrals, With Applications to the Anharmonic
Oscillator*® 137 pp.. May 197¢ (Submitted for
publication in Annals of Physics). AD A0S 440
*Researcn supported by the ANational  Science

published in the conference p €
AD A 020 443

PP 143 .
Horowitz, Stanley and Sherman, Allan (LCdr., USN),
“Maintenance Personnel Effectiveness n the Navy,”
33 pp., Jan 1976 (Presented at the RAND Conference
on Defense Manpower, Feb 1976; to be published in
the conference proceeding) AD AD21 581

PP 144
Durch, Wiltiam J., “The Navy of the Republic of
China - History, Problems, and Prospects,” 66 pp..
Aug 1976 (To be published in “A Guide to Asiatic
Fleets.” ed. by Barry M. Blechman; Naval [nsutute
Press) AD A030 460

PP 145
Kelly. Anne M., “Port Visits and the “Intemationalist
Miswon” of the Soviet Navy.” 36 pp.. Apt 1976
AD A023 436

PP 146
Palmour, Vernon E., “Alternatives for Increasing
Access to Scientific Joumnals,” 6 pp.. Apr 1975
(Presented at the 1975 IEEE Conference on Scientific
Journals, Cherry Hill, NC., Apr 28-30; published in
1EEE Transactions on Professional Communication.
Vol PC-18, No. 3, Sep 1975) AD AQ21 798

PP 147
Kessler, J. Chnstian, “Legal lssues in Protecting
Offshore Structures,” 33 pp.. Jun 1976 (Prepared
under task order NOOO14-68-A-00910023 for ONR)
AD A028 389

PP 148 .
McConnell, James M., “Military-Political Tasks of the
Soviet Navy in War and Peace,” 62 pp., Dec 1975
(Published in Soviet Oceans Development Study of
Senate Commerce Committee October 1976}
AD A022 590

hd

‘154

Mizrabs, Maurice M., “On the Semi-Classical Ex-
pansion in  Quantum Mechanics for  Arbitrary
Hamiltomans,™ 19 pp.. May 1976 {To appear in the
* sumal of Mathematical Physics) AD A0S 431

PP 155
Squires, Michael L., “Soviet Foreign Policy and Third
World Nations,” 26 pp.. Jun 1976 {Prepared for
presentation at the Midwest Politcal Science Associa-
tion meetings, Apr 30, 1976) AD A028 388

PP 156
Stallings, William, *Approaches to Chinese Character
Recognition,” 12 pp-. Jun 1976 (Reprinted from
Patten Recognition (Pergamon Press), Vol. 8, pp.
87.98, 1976) AD A028 692

PP 157
Morgn, William F., “Unemployment and the
Pentagon Budget: Is ..ere Anything in the Empty
Pork Barrel”” 20 pp.. Aug 1976 AD A030 455

PP 158 .
Haskell. LCdr. Richard D. (USN). “Expenmental
Validation of Probabulity Predictions,” 25 pp.. Aug
1976 {Presented at the Mslitary Operations Reseatch
Society Meeting, Fall 1976) AD AD30 458

PP 159
McConnell, James M., “The Gorshkov Articles, The
New Gorshkov Book and Thewr Relation to Policy,”
93 pp.. Jul 1976 (o be printed in Soviet Naval
Influence: Domestic and Foreign Dimensions, ed. by
M. MccGwire and J. McDonnett; New York: Praeger)
AD A029 227

PP 160
Wilson, Desmond P., Jr., “The US. Sixth Fleet and
the Conventional Defense of Europe,” 50 pp.. Sep
1976 (Submitted for pubhcstion in Adelphi Papers,
11.8.5., London) AD A030 457
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PP 161
Melich, Michael E. and Peet, Vice Adm. Ray (USN,
Retired), “Fleet Commanders: Afloat or Ashose?”" 9
pp.. Aug i976 (keprinted from U.S. Naval Institnite
Froceedings, Jun 1976) AD AQ30 456

PP 162
Friedheim, Robert L., “Parliamentary Diplomacy.”
106 pp- Sep 1976 AD A033 306

PP163 .

Lockman, Robert F., “A Model for Predicting Re-
cruit Losses,” 9 pp., Sep 1976 (Presented .t the 84th
annual convenuon of the Amencan Psychological
Association, Washington, DC., 4 Sep 1976)
AD A030 459

P64

Mahoney, Robert B., Jr., “An Assessment of Public
and Elite Perceptions in France. The United King:
dom, and the Federal Republic of Germany, 31 pp.,
Feb 1977 (Presented at Conference “Perception of
the US. — Soviet Balance and the Political Uses of
Military Power™ sponsored by Drrector, Advanced
Research Projects Agency, April 1976)

PP 165
Jondrow, James M. “Effects of Trade ‘sstrictions on
Imponts of Steel.™ 67 pp.. November 1976, (De-
livered at ILAB Conference in Dec 1°76)

PP 166
1d

Paul, “Impedi 10 the Impl i
of Deswrable Changes in the Regulation of Urban
Public Transportation,” 12 PP Oct 1976,
AD A033 322

PP 166 — Revised
Feldman, Paul, “Why It's Difficult to Change Regula-
uon,” Oct 1976

PP 167
Kleinman, Samuel, *ROTC Service Commitments” 3
Comment.” 4 pp., Nov 1976, (To be published in
Public Choce, Vol. XXIV, Fall 1976) AD AC32 305

PP 168
Lockman, Robert E., “Revalidati~~ of CNA Support
Personne! Selection Measures,” 36 pp.. Nov 1976

PP 169
Jacobson. Louis S.. “Earnings Losses of Workers
Displaced from Manufactunng Industnes,” 38 pp..
Nov 1976, (Delivered at ILAB Conference in Dec
1976)

PP 170
Brechling, Frank P, “A Time Series Analyss of
Labor Turnover,” Nov 1976. (Delivered a1 ILAB
Conference in Dec 1976)

P17}
Ralston, James M., “A Diffusion Model for GaP Red
LED Degradation,” 10 pp., Nov 1976, (Published in
Joumal of Applied Pyncs, Vol. 47, pp. 45184527,
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PPI72
Classen, Kathleen P., “Unemployment Insurance and
the Length of Unemployment,” Dec 1976. “drevnted
at the University of Rech Labor Workshop on 16
Nov 1976)

PP173 :
Kleinman. Samue! D.. “A Note on Racial Diffesences
in the Added-Worker/Discuuraged-Worker Contro-
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PP174
Mahoney, Robert B., Jr., “A Comparison of the
Brookings and 1 ional Incidents Projects,” 12
pp. Feb 1977

PP 175
Levine, Daniel; Stoloff, Peter and Spruill, Nancy,
“Public Drug Treatment and Addict Crime,” June
1976. (Published in Journal of Legal Studies, Vol. 5,
No.2

PP176
Felix, Wendi, “Correlates of Retention and Pro-
motion for USNA Graduates,” 38 pp., Mar 1977

PP 177
Lockman, Robert F. and Wamer, John T., “Pre-
dicting  Attrition: A Test of Altemative Ap-
proaches,” 33 pp. Mar 1977. Presented at the osp/
ONR Conference on Enlisted Attnition Xerox inter-
national Training Center, Leesburg, Virginia, 47
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